Two disposable condenser humidifiers were evaluated in nine ventilated intensive care patients. The Portex "Humid Vent" delivered end-inspired absolute humidifies oj 22-26.3 g/m3 at endinspired temperatures oj 27-28.3 cc. Corresponding humidities and temperatures with the Servo "Humidifier 150" were higher and were constant, at 27.7-29 g/m3 and 29.3-29. rc respectively.
exchangers, are used for humidification of patients with artificial airways. Many such devices are available but are seldom used in intensive care for various reasons, including poor efficiency with dry gases, bacterial colonisation, and increased resistance. Disposable condenser humidifiers reduce some of these disadvantages and may, therefore, be more effective as well as being more convenient to use. The aim of this study was to assess the efficiency of two disposable devices, the Port ex "Humid Vent" (The Boots Co.) and the Servo "Humidifier 150" (Siemens-Elema), when used in intensive care patients.
MATERIALS AND METHODS Nine patients with various indications for controlled ventilation were studied (Table 1) . Each patient was normothermic and well hydrated without any clinical or radiological evidence of pulmonary oedema. Intermittent positive pressure ventilation (IPPV) was instituted via an oral endotracheal tube with a Servo 900B ventilator (Siemens-Elema). Normocarbic ventilation was maintained in five non-neurosurgical patients, using tidal volumes of 10-12 mllkg and minute volumes of 100-120 mllkg. The other four (neurosurgical) patients were hyperventilated using minute volumes of 120-140 mllkg to maintain a PaC02 of around 30 mmHg. Ventilator settings remained unchanged for each patient during the period that he was studied. Wall gases were dry and delivered at 23 ± 0.3°C, as measured by a thermistor probe within the gas supply lines.
Both the Port ex and Servo humidifiers were studied in every patient. The Portex "Humid Vent" has a heat and moisture exchange medium of rolled, corrugated paper enclosed in a lightweight plastic cylinder ( Figure 1 ). The Servo device consists of a disposable moisture retention unit housed within an autoclavable plastic canister ( Figure 1 ).
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Control Measurements
Control end-inspired temperature and relative humidity were measured after ventilation for 45 min. with dry gases. The measurements were recorded proximal to the endotracheal tube using an electronic thermistor and hygrometer probe (HMI14, Vaisala, Finland), which has a 95070 response time of under one second.
Portex Condenser Humidifier
Following the control measurements, a Portex condenser humidifier, wetted with 5 ml saline, was placed on the end of the endotracheal tube. Measurements of endinspired temperature and relative humidity were then made between the Portex device and the endotracheal tube ( Figure 2 , Site A) after 30 minutes, 1 hour, 2 hours, and 3 hours. After the last end-inspired recording, the relative humidity and temperature of expired gas from the condenser were measured proximal to the Portex condenser humidifier (Figure 2 , Site B). The Portex humidifier was then removed and control measurements of end-inspired temperature and RH were again recorded 45 minutes later.
Servo Condenser Humidifier
The Servo condenser humidifier was then placed in the circuit, between the inspiratory limb of the ventilator and the catheter mount (as recommended by the manufacturer). Measurements of end-inspired and expired temperature and relative humidity were repeated, similar to those with the Portex devices ( Figure 2 ). This sequence was carried out in five patients. In the other four patients, the Servo device was studied first. 
Absolute humidity
Each measured value of relative humidity was converted to absolute humidity using Smithsonian scales. I Temperature and absolute humidity data were analysed using Student's t test for paired samples. Absolute humidity values were converted to relative humidity at 37 QC. RESULTS 
Control measurements
Mean end-inspired temperature and absolute humidity after 45 minutes dry gas ventilation were 26.4 QC and 10.3 g/m3 respectively. The mean (nasopharyngeal) body temperature for the nine patients was 36.8 QC.
End-inspired measurements (a) Temperature
The mean end-inspired temperatures for both the Portex and Servo condenser humidifiers are shown in 
(b) Humidity
Trend patterns for end-inspired absolute humidity were similar to those of end-inspired airway temperature ( Table 4 . The Servo condenser humidifiers provided a relative humidity of 63-66010 at 37 QC compared with 51-60% for the Portex condenser humidifiers (Table 4 ). Various basic inspired water content requirements have been proposed from 20-33 g/m 3 • 5 -7 ,11-14 These differences may be due to different techniques of assessing mucosal dysfunction and humidity, and have been reviewed by Shanks and Sara. 8 , 15 Since the artificial airway participates in heat and moisture exchange,16 an inspired absolute humidity of 25 g/m3 would provide a humidity in the trachea similar to that reported by Ingelstedt for mouth breathing. 7 ,17 The condenser humidifier can be used as an extension of the mechanism for conservation of heat and water of the upper respiratory tract. The Portex device exemplifies the performance of a condenser humidifier. Water can never be added to the respiratory tract, and water is lost from exhaled gas and may be equal to the water content of saturated gas at the fresh gas temperature. 18 The Portex condenser humidifier has been reported by Walker and Bethune, 19 Revenas and Lindholm,20 and Steward 21 to provide an inspired water content of 18-26 glm 3. These workers estimated continued water losses, with and without the unit, as the method to judge the device's efficiency.
The Servo unit can be considered as a hygroscopic condenser humidifier. Its disposable cylindrical insert is made up of two layers of different materials. During expiration, condensates are collected in the inner layer of synthetic felt. Further water removal occurs when the gas passes through the outer hygroscopic cellulose layer. Expired gas thus leaves the device with a relative humidity considerably less than 100070. Replacement of the disposable insert is recommended every 24 hours, although it is claimed that bacterial growth is not promoted. The Servo unit has been studied by Gedeon and Mebius 22 who used a water bath to simulate the respiratory tract. They reported that the device was capable of delivering a relative humidity of about 77% at 37°C.
This present study compared the Portex and Servo devices under clinical conditions in an intensive care unit. The efficiency of the devices was assessed by examining the temperature and humidity of the gases inspired from the devices. The water conservation potential of the Portex device declined over the period of study. This may be explained by the corrugated paper becoming progressively drier, since a thoroughly wetted Portex condenser humidifier has been shown to be more effective than a dry control. 20 Hence hourly instillation of water may be necessary with the Portex device. 19 The minimum end-inspired absolute humidity recorded with the Portex device was 22 g/m3 (equivalent to a relative humidity of 51 % at 37°C). This water vapour content is in agreement with those reported by other workers l8 -20 (vide supra). The clinical performance of the Servo condenser humidifier was more consistent and more effective. A maximal mean end-inspired absolute humidity of 29 g/m3 (equivalent to a relative humidity of 66% at 37°C) was recorded. This value is less than that reported by Gedeon and Mebius,22 but they studied the unit in vitro and expressed relative humidity at 37°C as a function of tidal volume. It should be noted that the disposable insert is not wetted before use, as liquid water in the hygroscopic layer reduces its "drying out" action and thereby the efficiency of the whole unit. The Servo's superior water retention potential was further shown by its exhaled gas relative humidity of 42% compared with near saturation for the Portex condenser humidifier. Airway temperature was also better maintained by the Servo device. It provided an end-inspired temperature about 6°C above fresh gas temperature. This was 1.4-2.7 °C higher than those recorded with the Portex condenser humidifier.
The present study indicates that the Portex and Servo devices are capable of delivering maximal mean water vapour contents of 26.4 and 29 g/m3 respectively. This suggests that these disposable condenser humidifiers may provide adequate humidification for intubated intensive care patients breathing room air, or for short periods in patients breathing dry gases. The performance of the Servo device is more consistent and effective. If the Portex unit is used, hourly instillation of water is recommended. As for patients requiring long term ventilation, the trachea may not compensate against protracted exposure to these humidities, and it would be prudent to provide more humidification. 2 ,7 The suitability of these disposable condenser humidifiers for long term use in intensive care is thus questionable, and in these situations, water bath humidifiers are still preferred.
